ACEEE HW Forum Session 3A
CO, HPWH for the US Market

Design and Development of
Split CO, HPWH for North America
John Miles — Sanden
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Sanden Profile

Founded in 1943 / Revenue: $2.8 billion / Employees: > 10,000
Global network: 54 sites in 23 countries
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CO, Split Type HPWH - History

* CO, Split HPWH were first designed in collaboration
between Industry and University/Government Research
programs in Japan during the late 90’s

* Term Eco Cute was coined to describe this type of product

* First commercially available product was introduced in
2000 and Sanden launched our version of the Eco Cute
product in 2006

e Eco Cute products and controls differ significantly from our
Global product as cultural differences require features that
are unnecessary outside of the core market
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Anatomy of CO, Split type Heat Pump

SUPPLY - RETURN
WATER PIPING
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Split Type Heat Pump Water Heater
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Why Design a CO, Split type system?

Design Pro’s - Performance

* Higher capacity system can produce more hot
water and can meet/exceed the output of a
standard electric element

* Higher efficiency — As the system is no longer
constrained in size or airflow it can be optimized
to improve efficiency both in the lab but more
importantly for everyday operation

* Improved Performance Recovery after a draw
from the system and a greater 15 hour rating on
the Heat Pump
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Why Design a CO, Split type system?

Design Pro’s -

e System Airflow does not have to be dealt with
inside the home — No requirement to add
ductwork or venting Water Heater closet

* |Internal Noise and Condensate disposal issues are
removed

* Easy to install, Outdoor unit can be located up to
50ft away from the tank

* The system does not add ANY cooling load to the
home increasing the total installed efficiency of
the system
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Why Design a CO, Split type system?

Design Con’s
e System has to produce Hot Water in all ambient
temperatures, especially if the system design

does not include back up heater elements in the
tank

* Harder to install, need to run Water pipes
netween the Tank and the OQutdoor unit — Freeze
orotection

 The system does not provide cooling or
dehumidification to the home
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How does Sanden Design it’s system

» Capacity/Efficiency/Performance in all ambient
temperatures

* Solution — Transcritical CO, Refrigerant cycle

* Synthetic refrigerants such as R134a and R410A are limited
in the pressure and temperatures AND efficiency they can
generate especially as the ambient temperature drops

* |n the Chinese market, the Split HPWH products use
synthetic refrigerant so the market penetration has been
geographically limited to the temperate southern regions,
until the introduction of CO,
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Performance vs. Temperature

Qutside Energy Factor COP Output Capacity Input Power
Air Temperature (F) (EF) (kw) (ki)
17 1.74 21 4.0 1.9
35 221 275 3.6 1.3
50 211 3.7 4.0 1.1
67 2.25 4.2 4.1 0,97
95 4.3 5.0 4.6 0.93

High efficiency and no capacity loss below freezing down to below zero
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Source: K. Eklund’s presentation from 2013 HF Forum
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Transcritical CO,

Theoretical Cycles in Water Heating
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Sanden CO, Transcritical Cycle

* In the Transcritical cycle, the gas does not condensate in the

Condenser, so it is not a typical Condenser coil but a Gas Cooler
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* Typical operating pressures on High Side are
approx. 1800 psig and 230°F Gas Temperature

* Double wall construction — Contra flow design
35.2 Heat exchangers intended for connection to a potable water system shall be of double wall
construction and marked in accordance with Clause 38.12(a). Such design shall incorporate either a

vented interface or redundant construction to prevent the leakage of refrigerant into potable water.

35.7 Heat exchangers employing a redundant double wall construction per Clause 35.2 shall have
sufficient strength for each separate wall to withstand a pressure of not less than five times the maximum
rated refrigerant design pressure with the outer side maintained at atmospheric pressure.



Sanden SANCO, Operation

* We limit the temperature rise of water passing
through the Gas Cooler and target a leaving
water temperature of 149°F from the Heat
Pump — At this time this is a fixed temperature

* The tank is specifically designed so the heated
water from the HP is directly introduced into
the top of the tank, making it quickly available
to the home usage = Shorter recovery time
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Sanden SANCQO, Controls

* Single external control point — Thermistor located 2/3
from bottom of tank, only link to Outdoor

* Thermistor uses stratification of tank, we turn on HP at
113°F, turn off HP at 122°F

* Cold Water supply to the HP is from bottom 6” of tank

* |nverter compressor and variable speed pump work
together to modulate HP output based on the
incoming water temperature, ambient, system
pressures to maintain capacity and the target
temperature of 149°F
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Sanden Power Consumption

These are some typical power usage curves from a testing
program currently finishing up in conjunction with WSU et al

Friday 10/24/2014 Lab Home B Water Heater Sum
1,800 80
1,600 - 70
1,400 i
- 60
1,200 i ,/ ____.-—L--'--i ik it S
’ - A ..--r__l' “l { I.--r --1__.---_ 50 E.
QO
w 1,000 :
g 40 <
= 800 S
=
30 B
o
600
——————————— >
- 20
400 |
Powered Down
200 10
0 1 1 1 0
SFOICICR R @‘\ ?‘5"\ S Q“\QQ‘E\QQ“‘QQ“\QQ“\QQ@ qﬁ“ng“ng“gq@‘gqﬁ“
‘@.0@@@0.@.@@@.@.@@ SIS P S .S
.\‘}"\"\/"Jb‘%"o"\"'\‘a")'\'@.\"\-@r‘\’b’bb“o‘o’\‘bo) .\"\-‘
Time of Day

E SANNETH

Delivering Excellence



Sanden Power Consumption

These are some typical power usage curves from a testing
program currently finishing up in conjunction with WSU et al
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Sanden Split System Installation

Similar to a Mini Split, but
easier

”

e 2 xwaterlines —7%
Copper/PEX from the tank
connections to the Outdoor

* No Refrigeration connections

e 208/230V-1Ph @ 15A Power
— thermistor cable provided

e 50ft distance between
Qutdoor and Tank

* Tank has similar connections

to a standard North American
Tank (just 2 more of them)
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North American Development Strategy

* Field/Lab Testing, Pilot Sales program and more
Testing

» Started our Testing program back in 2011/2012
using a Japanese Eco Cute model in conjunction
with EPRI

* 2012/2013 Testing program with various other
parties using the Global Split product as a base
unit

* Currently working on 3 programs centered in the
NW in conjunction with WSU and other parties
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Pilot Sales Program

.. Objective:

“" To establish CO, technology awareness base by

selling CO, split water heaters to early adopters

before UL approved product launch. %
i

Conditions:

Non UL approved base. Obtained ATAC in Portland area, working

directly with other city inspectors and building departments as
needed

Current Installed Base includes
Portland & other sites in Oregon
Seattle

Northern California

Monterrey, MX

Your location?




Design Changes for North America

e Core Cold Weather (Hokkaido) global design
currently unchanged —Compressor, Controller,
Gas Cooler, Evaporator

* Product detail changes as needed to meet the
regulatory standards

* “Line Set” length increased — larger residences

* Freeze Protection/Cold Weather line set
protection being optimized

* Tank design to make it easier to retrofit into
the North American home
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* 2006
¢ 2011

¢ 2011
e 2012
* 2013
* 2014
* 2015

e 2016 on

Sanden Timeline

Introduced CO, Eco Cute in Japan

Introduced CO; unit in Europe
(Integrated type)

Introduced Global Split in Australia
First Test units in US

Successful Lab and Field trials
Pilot Sales program started

Q2/Q3 — Full Commercial Launch of
SANCO, Split CO, HPWH
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Thank You

www.Sandenwaterheater.com

E SANE'I

Delivering Excellence




